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MMlti4ayeir electrode using conductive oxide 

By Sharp Corporation, Osaka, Japan 

Summary 

Subject: 

To provide a multi layer electrode that has properties as following: 

1 . electrode itself has no hillocks or peelings; 

2. no oxygen diffusion to poly silicon underneath; 

3. electrode is dense and has smooth surface; 

4. remaining low resistance after high temperature process above 600C in 
oxygen ambient. 

Approach: 

The multi layer electrode on a semiconductor substrate will have a barrier layer on its 
lower part, which can be either TaSiN or HfSiN; and a conductive oxide of Ir02/Ir above 
the barrier layer. 

Claims: 

1 . The multi layer electrode on a semiconductor substrate, of which the 
unique is that there is a barrier layer on its lower part consisting of Ta or 
Hf and jSi, N; and a conductive oxide of Ir02/Ir above the barrier layer. 

2. In the multi layer electrode of claim 1, Ir02 and Ir are crystalline thin film 
with the <100> and <1 1 1> orientation for Ir02 and Ir respectively; 

3. Film thickness of Ir02/Ir multi layer electrode of either claim 1 and claim 
2 is less than 150nm; 

4. Multi layer electrode of claim 1 ~ 3 which has Ir thick enough to prevent 
the oxidation of the barrier layer; 

5. The thickness of Ir layer of claim 4 is larger than 22nm; 

6. Multi layer electrode of claim 1 ~ 5 which has Ir02 thick enough to 
prevent the oxidation of the barrier layer during the high temperature 
annealing; 

7. The thickness of Ir02 layer of claim 6 is larger than 36nm; 
Detail description 

Field of the invention: 

The invention is related to the multi layer electrode using conductive oxide more 
specifically, related to the multi layer electrode used as the bottom electrode in the 
various devices with ferroelectric thin film oxides such as ferroelectric nonvolatile 
memories, DRAM and infrared sensors. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
avoid forming hillocks or peeling an 
electrode and block O from diffusing 
in lower polysilicon plugs, by 
forming an Ir02/Ir laminate structure 
electrode on a barrier metal contg. Ta, 
Hf and Si and N as component 
elements. 

SOLUTION: On a single crystal Si 
(100) wafer 1 an Si02 film 2 of 
600nm thick, Ta5SiN4 barrier metal 
3 of 100mm and Ir02 (230nm), Ir 
(130nm) or Ir02 (82nm)/Ir (66nm) 
electrode layer 4 are laminated to 
form a multilayer electrode which has 
a durability enough to a heat process 
in an O-atmosphere over 600°C. For 
the Ir02 or Ir a crystal film oriented 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to the multilayer-structure electrode used as a lower 
electrode of a ferroelectric thin film in the various devices which applied the oxide ferroelectric to the detail more, for example, 
ferroelectric non- volatile memory, DRAM, an infrared sensor array, etc. about the multilayer-structure electrode which used the 
oxide conductor. 
[0002] 

[A Prior art and Object of the Invention] In recent years, the development of ferroelectric memory is performed as non-volatile 
memory which has the high integration about the same as DRAM, a fast turn around, a low power, and high-reliability. As a 
memory capacitor material for ferroelectric memory, the crystal thin film of the oxide ferroelectrics including PZT (titanic-acid 
lead zirconate), SrBi2Ta209, and Bi4Ti3012 is used. 

[0003] When forming the crystal thin film of an oxide ferroelectric, 600-800-degree C elevatedrtemperature heat treatment is 
usually needed in the ambient atmosphere containing oxygen. Therefore, many Pts the lower electrode formed caudad excelled 
Pts ] in oxidation resistance with the high-melting point have been used. On the other hand, implementation of stack cell (STC) 
structure is desired for high integration of a memory device. It is necessary to connect a semiconductor transistor and a 
ferroelectric memory capacitor with plugs, such as contest polysilicon, in STC structure. However, although the conventional Pt 
electrode is excellent in oxidation resistance, it has the trouble of being easy to penetrate oxygen. For this reason, when Pt 
electrode is formed on a polysilicon contest, in case a ferroelectric thin film is formed, contest polysilicon used for the plug will 
oxidize, and the problem that electric connection is not obtained arises. 

[0004] On the other hand, multilayer-structure electrodes, such as Pt/TiN/Ti which used Ti as a glue line between TiN, a plug, 
and a lower electrode, are examined as a barrier layer for preventing oxygen transparency. However, TiN layer oxidizes by the 
oxygen which penetrated Pt also in this case, and the new problem of the sublation by the Pt/TiN interface or hillock occurrence 
has arisen for the cubical expansion (43rd 1996 spring collection of applied physics relation union lecture meeting lecture drafts 
28p-V- 6, 7). 

[0005] moreover, using an oxide conductor material also inquires as a lower electrode - having - **** - among these, Ir02, 
Ru02, and YBa2Cu307- promising ** of X, LaSrCo03, etc. is carried out from points, such as the outstanding barrier nature 
and the adjustment with an oxide ferroelectric The example by which especially Ir02 was directly formed on the polysilicon 
contest is reported. For example, it is indicated by the Japanese Patent Publication No. 87493 [ six to ] official report that produce 
BaTi03 and a good dielectric characteristics is obtained on Ir02 / polysilicon contest, moreover, in Appl.Phys. Lett. vol. 65(1 994) 
pp.1522-1524, Jpn.J.Appl.Phys.vol.33(1994) pp.5207-5210, and a publication-number 5 1 1 65 [ eight to ] official report When 
PZT is formed on contest polysilicon [ Ir/Ir02 / ], or Pt/Ir02 / polysilicon contest, It is mentioned that it is indicated that the 
lassitude property is improved sharply and Ir02 layer has good barrier nature to ferroelectric configuration elements, such as Pb, 
as this ground. 

[0006] However, we are anxious about the occurrence with a poor contact by oxidization of a polysilicon contest front face when 
forming Ir02 of a direct oxide on a polysilicon contest like such structures. Then, the study of the multilayer electrode of 
Ir02/Ir/TiN / Ti structure which inserted barrier metal between contest polysilicon and Ir02 is reported (collection of 43rd 1996 
spring applied physics relation union lecture meeting lecture drafts 28p- V-4). According to this report, the high dielectric 
SrTi03 (200nm) is formed on the electrode which carried out structure of Ir02 (lOOnm) / Ir(50nm)/TiN (30nm) / Ti (20nm) / Si 
substrate formed by the spatter. In the capacitor which used Pt (50nm) as the up electrode, 216 or less specific inductive capacity 
and the two or less cm [ leakage-current density 10-7 A/cm ] comparatively good electrical property have been acquired, and it is 
shown that this multilayer- structure electrode is promising for an application of STC structure, and it is. 

[0007] However, about the oxygen barrier nature of this multilayer-structure electrode, and reaction tightness, it is unknown. That 
is, SrTi03 cannot say obvious whether there is enough of the process resistance, when this multilayer- structure electrode is 
applied to the **** process of a ferroelectric thin film which needs the **** temperature of 600 degrees C or more, although 
usually formed at the comparatively low temperature of 500 degrees C or less. For example, it is because it is known for the 
400-450-degree C temporary baking phase that these problems will occur by this baking of 600 degrees C or more although 
neither hillock occurrence nor sublation is generated in case PZT layer is formed on the above-mentioned Pt/TiN / Ti electrode by 
the ********** method. 
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[0008] From the need for a development of an electrode of this invention being made in view of the above-mentioned technical 
probrem, and having excelled in process resistance applicable to STC structure ** Neither a hillock nor sublation occurs in the 
electrode itself, but there is no oxygen diffusion to ** lower polysilicon contest plug. ** Aim at offering the multilayer-structure 
electrode which can realize the electrode which has the process resistance over the heat treatment process in the inside of the 
oxygen ambient atmosphere 600 degrees C or more that the surface flat nature of an electrode and compactness are secured and 
electrical properties, such as sheet resistance, are secured as a ** electrode. 
[0009] 

[The means for solving a technical problem] According to this invention, in the multilayer-structure electrode formed on a 
semiconductor substrate, it has the barrier metal (it is hereafter described as "TaSiN or HfSiN") which uses Ta or Hf, and Si and 
N as a configuration element at the lower part, and the multilayer-structure electrode using the oxide conductor which comes to 
form Ir02 / Ir laminated- structure electrode in the upper part of this barrier metal is offered. 
[0010] 

[Gestalt of implementation of invention] The multilayer-structure electrode in this invention can be used as a lower electrode of a 
ferroelectric thin film in ferroelectric non- volatile memory, DRAM, an infrared sensor array, etc., and is formed on a 
semiconductor substrate. As a semiconductor substrate, if it can usually use as a substrate of the above-mentioned element, 
especially, it is not limited and compound semiconductor substrates, such as a silicon substrate, and GaAs, InGaAs, etc. can be 
used. You may form directly on a semiconductor substrate and the multilayer-structure electrode of this invention is SiN and 
Si02. You could form through the insulator layer of a grade, the element of requests, such as a capacitor, a transistor, or a metal 
wiring, was formed upwards, and you may form through a layer insulation layer. For example, when forming through an insulator 
layer, the thickness of an insulator layer has desirable about 500-2000nm, and when forming through a desired element and a 
desired layer insulation layer, it is desirable [ a layer insulation layer ] that it is sufficient thickness which can secure the insulation 
of an element and an electrode. These insulator layers etc. can be formed by well-known technique, for example, C VD, the spin 
coat method, etc. As for the **** temperature in this case, it is desirable that it is about 600 degrees C or less. 
[001 1 ] As barrier metal, the multilayer- structure electrode of this invention is an electrode which used either TaSiN or HfSiN, 
and, specifically, is a multilayer-structure electrode of Ir02/h7TaSiN or Ir02/Ir/HfSiN. TaSiN or HfSiN layer which is barrier 
metal is an about 100-500nm thickness, and can be formed by various technique, such as well-known technique, for example, the 
RF magnetron spatter method, the DC magnetron spatter method, a vacuum deposition method, and an 
electron-beam-evaporation method. Here, in order to use TaSiN or HfSiN layer as barrier metal, since amorphous structure is 
desirable, generally the composition ratio can be changed freely. 

[0012] Moreover, Ir layer which constitutes the laminated-structure electrode formed in right above [ barrier metal ] is IrO [ in / it 
is various technique, such as well-known technique, for example, the RF magnetron spatter method, the DC magnetron spatter 
method, a vacuum deposition method, and an electron-beam-evaporation method, and / a next process ]2. It is desirable to form 
by sufficient thickness to inhibit oxidization of a lower barrier metal in case of formation of a layer. As for this thickness, 22nm or 
more is raised. Moreover, as for Ir layer, it is desirable to carry out orientation to a field (111) and to be formed in it. Specifically, 
in the case of the RF magnetron spatter method, the method of ****ing, using inert gas, such as Ar and N, as spatter gas is raised, 
holding about [ RF power 80-200W ] and substrate temperature at about 200-270 degrees C. 

[001 3] Moreover, Ir02 formed on Ir layer A layer is well-known technique, for example, the same technique as ****, and it is 
desirable to form by sufficient thickness to inhibit oxidization of a lower barrier metal in case of elevated-temperature annealing 
of the laminated-structure electrode mentioned later. As for this thickness, 36nm or more is raised. However, it is desirable that 
the total thickness of Ir02 / Ir layer is formed by 1 50nm or less and 60 morenm or more. Moreover, Ir02 As for a layer, it is 
desirable to carry out orientation to a field (100) and to be formed in it. Specifically, in the case of the RF magnetron spatter 
method, the method of ****ing oxygen gas to inert gas, such as Ar and N, as spatter gas using the gas mixed at about 1 : 1 0 to 1 0: 1 
rate is raised, holding about [ RF power 80-200W ] and substrate temperature at about 200-270 degrees C. 
[0014] The electrode structure of having sufficient resistance for the heat treatment process in the inside of the oxygen ambient 
atmosphere 600 degrees C or more is realizable with such a multilayer laminating electrode. Moreover, the laminating electrode 
structure excellent in the precise surface flat nature which consists of a microcrystal grain is realizable by using the crystal thin 
film which made the field in Ir02 (100) and made orientation to the field in Ir (1 1 1). It is not only suitable as a substratum 
electrode of a ferroelectric thin film, but the multilayer laminating electrode of the stacking tendency equipped with such surface 
flat nature and compactness can be controlled also to sheet resistance of the electrode [ itself], and it can use it as an electrode of 
various elements. The multilayer-structure electrode which used the oxide conductor of this invention for below is explained. 
[0015] the multilayer-structure electrode of example 1 this invention was shown in drawing 1 - as - the front face of the single 
crystal Si (100) wafer 1 - Si02 layer 2 with a thickness of 600nm and a it top - the barrier metal 3 ****** - TaSiN (lOOnm) - 
further, on it, as an electrode layer 4, either of Ir02 [ Ir02 (230nm), Ir (1 30nm), and ] (82nm)/the Irs (66nm) is formed, and it in 
addition, composition of TaSiN of this example - Ta5 SiN4 it was . 

[0016] The above-mentioned multilayer-structure electrode is formed as follows. First, it is Si02 by the oxidizing [ thermally ] 
method to Si wafer 1 front face. The layer 2 was formed. Subsequently, this Si02 TaSiN layer was formed by the spatter on the 
layer 2. Furthermore, one electrode layer 4 of three kinds of inside was formed by the RF magnetron spatter method on this TaSiN 
layer. As **** conditions, as RF power 100W, the substrate temperature of 250 degrees C, and lPa of gas **s, Ir **** made it 
as Ar gas, and Ir02 made spatter gas Ar/02=1 / 1 mixed gas. Moreover, Ir02 / Ir laminated structure continued, after ****ing Ir 
on condition that the above, and it ****ed and formed Ir02. The morphology on each front face of an electrode had precise and 
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smooth front-face nature as a result of SEM observation. This is considered to be because for the grain growth in **** to have 
been suppressed since **** temperature was low temperature comparatively with 250 degrees C. 

[0017] Then, in order to investigate the elevated-temperature heat treatment resistance in the inside of oxygen, annealing for 625 
degrees C and 10 minutes was given for three kinds of above-mentioned electrodes in the oxygen of the one normal atmosphere. 
Consequently, sublation of Ir02 accepted with Ir02 / TaSiN structure. It is thought that sublation generated this in order to 
release the stress in the interface 02 plasma at the time of Ir02 **** and as a result of TaSiN front face's oxidizing by 
elevated-temperature annealing in the inside of oxygen after that. 

[0018] On the other hand, with the Ir/TaSiN structure where 02 plasma is not used at the time of ****, just behind ****, 
irregularity occurs [ the flat electrode front face ] after elevated-temperature annealing in the inside of oxygen, and surface flat 
nature was spoiled. In order to investigate this cause, change of XRD pattern in annealing order was measured. Although it is Ir 
layer which carried out orientation immediately after **** (1 1 1), the oxide Ir02 is generated by annealing. Moreover, it turns out 
that the peak intensity of Ir (1 1 1) reflex is increasing about 40%, and crystallization is also promoted. It is thought as a result of 
these oxidization and crystallization (grain growth) that the irregularity of Ir electrode front face occurred. 
[0019] The above result, in order for sublation of a layer or the irregularity on the front face of an electrode to all occur by the 
oxidation reaction by elevated-temperature annealing processing in oxygen after the time of layer formation, or formation etc. and 
to form an oxide ferroelectric thin film with Ir02 / TaSiN structure, and Ir/TaSiN structure, as a lower electrode, it is unsuitable. 
Next, if it sees about Ir02/Ir/TaSiN structure, as shown in drawing 2 , after elevated-temperature annealing in oxygen does not 
accept, but occurrence of sublation, a hillock, etc. serves as the precise layer with which the flat nature on the front face of an 
electrode was also further maintained at the EQC the annealing front. Moreover, it is before and after annealing also from XRD 
measurement, and change of a diffraction pattern is not seen, but it turns out that the orientation membrane structure of Ir02 
(100)/Ir(lll)is obtained. 

[0020] These results are forming Ir layer on TaSiN, and it is not necessary to expose a direct TaSiN front face to an oxygen 
plasma on it at the time of IrO two-layer ****, Furthermore Ir front face oxidizes slightly, the oxidizing zone Ir02 suppresses 
oxidization of TiSiN interface, and since **** temperature is as low as 250 degrees C, the flat nature on the front face of Ir is not 
spoiled, It is thought that it was obtained when the IrO two-layer formed in the top had suppressed oxidization of the lower part 
by the oxygen diffusion at the time of annealing of Ir/TaSiN. 

[0021] When sheet resistance with this Ir02/Ir/TaSiN structure was measured, just behind ****, about 1 .2ohms / ** is obtained 
and a significant change did not have after annealing. Sheet resistance with Pt( 1 00nm)/TiN / Ti structure where of it is used 
conventionally is about lohm/**, and it was checked from sheet resistance almost of the same grade being obtained that it can 
fully be used as an electrode. 

[0022] Moreover, a precise electrode can be produced by the surface flatness which has neither sublation nor a hillock similarly 
in the Ir02/Ir/HfSiN structure where HfSiN was used for barrier metal, and it was checked that there is elevated-temperature 
annealing resistance in the inside of oxygen. 

[0023] It is the structure where the substructure was chosen from any one, TaSiN and the HfSiN, in the electrode structure which 
was described above and which is formed on a semiconductor substrate like, and the multilayer electrode which has Ir02 / Ir 
laminated structure which becomes the upper part from Ir02 of crystalline orientation (100) and Ir of orientation (1 1 1) has the 
annealing process resistance in the inside of the oxygen ambient atmosphere 600 degrees C or more. That is, becoming the 
electrode which has the above-mentioned process resistance was shown by by having a thickness more than the thickness which 
has a thickness more than the thickness in which Ir layer inhibits oxidization of TaSiN which is a substructure in case of IrO 
two-layer formation, and HfSiN, and inhibits oxidization of the barrier metal TaSiN and HfSiN whose IrO two-layer is a 
substructure by the elevated-temperature annealing process in the inside of oxygen. Moreover, this electrode is equipped with 
surface flat nature and compactness, and has the outstanding electrical property of the same grade as it of Pt/TiN / Ti structure 
also for sheet resistance. 

[0024] Example 2 substrate and **** conditions produced the sample of the Ir02/Ir/TaSiN structure where each thicknesss 
differ, using the same thing as an example 1. However, the thickness of 36-82nm and Ir layer of orientation (111) was produced 
for the IrO two-layer thickness of orientation (100) in 15-66nm. Here, the thickness was controlled by changing spatter **** 
time. About the electrode structure where thicknesss differ respectively, the same annealing as an example 1 was performed. 
[0025] With the Ir02 (82nm) / Ir( 1 5nm)/TaSiN structure where the thickness of Ir layer is as thin as 15nm, the hillock was 
observed after annealing. It is thought as Ir02 exfoliated with Ir02 / TaSiN structure shown in the example 1 that this is the same 
cause. That is, since the thickness of Ir layer is very thin, since a thickness is thin, the part where TaSiN oxidizes exists in the 
grade which can be finishing wearing TaSiN front face completely, or cannot inhibit oxidization by the oxygen plasma at the time 
of subsequent Ir02 formation, and it is thought that the stress of a there generated the hillock. 

[0026] About other samples, sublation, a hillock, etc. are not altogether seen after annealing, but it has checked that there was 
annealing resistance. When SEM observation of the cross section after annealing of the Ir02 (36nm) / Ir(22nm)/TaSiN structure 
where a thickness is the thinnest was carried out in the produced sample, when the thickness of Ir02/Ir is as thin as about 60nm, 
flat nature is maintained, and, as for the reaction, the diffusion, etc., TaSiN fraction was not seen, either. 

[0027] That is, by using Ir02 / Ir laminating electrode structure which consists of Ir02 which carried out orientation to (100), and 
(1 1 1) Ir which carried out orientation, it was very precise and the about 60nm thin thin film has realized **** process resistance 
of an oxide ferroelectric thin film. Furthermore, when sheet resistance was measured about the produced sample, it turns out that 
sheet resistance of the whole electrode is controllable by changing a thickness Ir layer in Ir02 / Ir laminating electrode, and IrO 
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two-layer as shown in drawing 3 in the domain of 1 .2-2.8ohms / **. 

[0028] Moreover, also in the Ir02/Ir/HfSiN structure using HfSiN as barrier metal, it has checked that could produce the flat and 
precise electrode structure which does not have sublation and a hillock similarly in the domain whose thickness of Ir02 / Ir 
electrode is about 60nm - 1 50nm at least, and the elevated-temperature annealing resistance in the inside of oxygen was acquired. 
As stated above, the electrode which was excellent in using Ir02 / Ir electrode structure of this invention at flat nature and 
compactness is producible. Consequently, the electrode the thickness of Ir layer is 22nm or more, and the IrO two-layer thickness 
excelled [ electrode ] in the process resistance with the as thin thickness of Ir02 / Ir electrode as about 60- 1 50nm in conditions 
36nm or more was producible. Furthermore, when sheet resistance changed the thickness of each class, it was controllable to 
l.l-2.8ohm/** 
[0029] 

[Effect of the invention] According to this invention, the lower electrode excellent in process resistance indispensable to 
utilization of the ferroelectric memory and DRAM using STC structure can create with sufficient repeatability. Especially, IrO 
two-layer and Ir layer are crystal thin films, and in carrying out orientation of the IrO two-layer to a field ( 1 00) and coming to 
carry out orientation of the Ir layer to a field (111), since the electrode is excellent also in flat nature and compactness, 
applicability, such as a micro-processing process, also becomes high. 

[0030] Furthermore, when the thickness of Ir02 / Ir layer is 150nm or less, a control of electrical properties, such as sheet 
resistance, also becomes possible by changing the thickness of each class of a laminated-structure electrode. Thus, in the 
multilayer-structure electrode of this invention, for example in the formation process of a ferroelectric layer, the reaction with a 
lower semiconductor and counter diffusion can be prevented, and it is enabled to obtain the element which has a reliable good 
property. 



[Translation done.] 
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